Abstract-In this paper an improved method of printed Arabic character recognition is presented. It is segmentation-free character recognition. A sliding widow with the size of a reference character is used to select a sub-image, from the document image, for the recognition. The proposed procedure starts with highest probability characters in Arabic writing, except for those characters that produce a recognition error. To make the procedure even faster, characters that have same dimensions are grouped in one cluster and recognized together. A previously created database for Arabic characters images is used in this research as reference characters. Five font types and nine font sizes are implemented. The classifications of the unknown characters are carried out by extracting their structural and transform features. The Character height, width, and number of pixels above baseline, together with the Walsh Hadamard Transform (WHT) coefficients are used to construct the features vector.
I. INTRODUCTION
PTICAL Character Recognition (OCR) is the process of recognizing handwritten or printed text by computer. Machine replication of human reading is an ancient dream. However OCR has become one of the most successful applications of technology in the field of pattern recognition and artificial intelligence [1] . Many commercial systems for performing OCR exist for a variety of applications, although the machines are still not able to compete with human reading capabilities. The character recognition approaches classified into either on-line or off-line category [2] . Dynamic recognition (On-line) describes the pen path over some period of time. In static recognition (Off-line), documents are available as hard copy. These documents are scanned to obtain two-dimensional character representation. The quality of the scanned image affects the accuracy of the recognition method.
A sample that covers segmentation-free word and character recognition approaches is given in [3] - [6] . An approach that recognizes Arabic alphabet is presented in [3] . The recognition is achieved by simple matching to pre-built prototypes of all the Arabic Character set. The prototype description is based on a method called "Minimum Covering Run Expression". This Wajdi Besbas is Professor with University of Zawia, Faculty of Science, Computer Department, Zawia, Libya.
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Anisa Elbokhare was postgraduate student at University of Tripoli, Faculty of Science, Computer Department, Tripoli, Libya. She is now Part time assistant lecturer at University of Tripoli. approach is used for the recognition of one font of the Arabic language. In [4] a knowledge based system called ORAN is presented. It uses a structural description of the text documents, and applying simple matching of candidate characters to reference prototypes, for the recognition. Database of prototypes for each character shape is built from the structural features. The system has been trained with several model documents using printed Naskh font type only. A technique for recognizing Arabic cursive words from scanned images of text is discussed in [5] . It is applied to four different Arabic typefaces. Each word transforms into a normalized polar image, then a two dimensional Fourier transform applied to the polar image. Each word is represented by a set of Fourier coefficients. In [6] a database composed of images for words of Arabic Printed Text is introduced. The purpose of this database is the multi-font, multi-size and multistyle text recognition systems in Arabic. The database is called APTI for Arabic Printed Text Images.
Arabic character recognition covers the recognition of Handwritten and Printed text. The aim of this research is to improve the previously introduced segmentation-free Printed Arabic Optical Character Recognition approach [7] . The classifications of the unknown characters are carried out by extracting their structural and transform features [8] , [ 9] . To improve the recognition speed the highest probability characters, as given by [10] , are recognized first, except for those characters that produce a recognition error.
Since there is no freely available database of printed Arabic characters that can be relied upon and used as a reference, a part of this research was the creation of a database for the characters images of the selected fonts with several sizes.
II. PRINTED ARABIC CHARACTER RECOGNITION
Arabic is the official language of many countries. Arabic belongs to the group of Semitic alphabetical scripts in which mainly the consonants are represented in writing, while the markings of vowels (using diacritics) is optional and is rarely used. A diacritic is placed above or below the body of the Arabic character such as:
Arabic characters differ significantly from other characters such as Latin and Chinese characters. These characters are represented by 28 symbols, and are written cursively in both printed and handwritten forms. These characters have two to four different forms, depending on its position in the word, In some cases, a pair of characters may be combined to form another character, which is referred to as a ligature. The only mandatory ligature is (Lam Alef ‫ال‬ ), others are optional such as (ٍ and ‫غ‬ in ) and ‫خ(‬ and ّ in ). Ligatures complicate the segmentation task of the Arabic OCR systems.
Arabic characters of a word are connected along a baseline. In general, horizontal projection of the text shows clearly the baseline position, while vertical projection can be used for segmenting sub-words and characters, as illustrated by Fig. 1 . The baseline represents essential information before feature extraction can be performed. It is proved to be a good reference for the Arabic characters feature selection [3] . 
III. CHARACTERS DATABASE SPECIFICATION
The details of the database construction are given in [7] , it consists of 45 folders.
 Five font types are selected to construct this database; they are "Times New Romans", "Arial", "Arabic Transparent", "Simplified Arabic" and "Andalus".
 Nine folders for each font type, which correspond to the nine font sizes (8, 10, 12, 14, 16, 18 , 20, 24 and 28).
 Each folder consists of 70 files that represent the Arabic character set in their four possible forms (isolated, beginning, middle, end).
 Each folder also contains a file consists of the characters structural and WHT features (features vector) of the 70 characters images of that font size. As an example, the complete features vector for character ( ‫ـغـ‬ = ga) is given by Table II , and Fig. 2 illustrates the character image, showing the structural features. The padding with zeros is used to make the size of the character image equals to a power of 2 such as 8x8, 16x16, or 32x32, to allow the application of WHT to the character image.
The created database contains images for all characters with their different shapes, sizes and font types (3447 character images). Where RnCm means the spectral coefficient at rown columnm. 
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as: Character "ٚ" has the same form at all positions in the word, and Character "َ" has the same image in the beginning and middle form and has the same image in isolated and end form. 3. Other characters such as ‫بـ‬ , ‫ئ‬ , ‫ـا‬ , ‫ؤ‬ , ‫آ‬ , ‫آل‬ , ‫ـإ‬ and ‫ء‬ can be added to the database.
IV. THE PREVIOUSLY PROPOSED METHOD
The operations performed by our previously proposed method are divided into "Preprocessing the text document" and "The character recognition technique" [7] .
A. Preprocessing the text document
Step1. Converting RGB and Gray-scale images to Binary images. Step2. Drifting correction and baseline detection [11] . Fig.  3a shows a drifted document image, and Fig. 3b shows the result of drifting correction, it also shows the detected baselines using horizontal projection. Step3. Font type and font size detection [12] . 
B. The character recognition technique
The recognition is carried out by scanning only the baselines of the text image.
Step1. Select a character from the database, and read its width, height, baseline position and its WHT spectrum coefficients. Step2. Form of the sliding window and scan the text image.
The baseline position of the window should be placed on the baseline of the text image and start scanning. 
A. Sorting characters according to their probabilities
The probabilities of Arabic characters in Arabic writing are given in [10] . Where it is found that letter ( ‫ا‬ ) occurs in 19.65% of the writing, and letter ( ‫ل‬ ) occurs in 12.99%. To reduce implementation time of our previously proposed method in [7] , Arabic characters are arranged according to the highest probabilities as given in [52] . But, there were some miss-recognized characters, and as a result of errors analysis it is found that, although the probability of ‫)غ(‬ is higher than that of ( ‫ض‬ -‫ؾ‬ ), the characters ( ‫ض‬ -‫ؾ‬ ) in all their positions, isolatedbeginning-middle-end, should be recognized before the character ‫.)غ(‬ The same is true for ‫)ي,َ(‬ and (ٖ,ْ) and ‫)خ,ز(‬ . A very high recognition rate is achieved after sorting the characters order of recognition as given in Table III . 
B. Scanning for characters that have the same structural dimensions in one go
Characters that have the same dimension (height, width, number of pixels above baseline) will have the same sliding window dimension, which requires an WHT with the same dimension (i.e. 8x8, or 16x16, 32x32) to be implemented for character recognition. As a result of that these characters are scanned in one go, which leads to the reduction of time taken by the recognition procedure to scan and recognize the document characters. Examples of such characters are ( ‫ؿـ‬ ‫ِـ‬ , ) in their beginning form, character ‫)ـــ(‬ in its middle form and ‫)ق(‬ in its isolated form, for "Times New Roman" font size 12, as shown in Table IV . For smaller font sizes, the group of characters that have the same dimensions are even larger. Characters ‫ٗـ(‬ , ‫)ذـ‬ in their beginning form, character ‫)ـــ(‬ in its middle form and ‫)ق(‬ in its isolated form have the same dimensions for "Times New Roman" font size 8, as shown in Table V . 
C. Some characters combination recognized better as one character image
In some font sizes, some combinations of characters are recognized as one character image better than recognizing each character separately. As an example of such combination, in "Times New Roman" font size 28 the pixels of the combination ‫)اُـ(‬ are overlapped and should be recognized as one character image. Fig. 6 illustrates this case. 
VI. EXPERIMENTAL RESULTS
This method is applied to all selected font types and font sizes, using the document shown in Fig. 5a . The results with respect to the recognition time, in seconds, are given in Tables (VI -X) . From the above tables, it is clear that the recognition time is smaller for small font size characters compared to large font sizes. The reason for that is, the document image with small font size characters has fewer number of lines compared with large font size characters, as demonstrated by Fig. 7 .
In small font size the number of characters that have the same dimensions is greater than the number of characters in large font sizes, and as a result the percentage of time saved by the improved method is larger for smaller font sizes, as illustrated by Fig. 8 . Because transforming the characters using WHT, to extract their features, requires large transform matrix for large font sizes which in turn requires larger time for the transformation process. 
VII. CONCLUSION
An improved segmentation-free printed Arabic character recognition technique is presented. A sliding widow with the size of a reference character is used for the recognition. A database for Arabic characters images, five font types and nine font sizes with their different positions in the word (isolated, beginning, middle, and end), is used. Walsh Hadamard Transform (WHT) is utilized for the characters images features extraction. The improved method reduced the recognition errors by re-arranging the characters independent of their alphabetical order. Reducing the execution time is achieved by re-arranging characters according to their probabilities in Arabic writing, and recognizing characters that have same sliding window dimensions simultaneously.
